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FOREWORD 


This  report  presents  data  and  observations  from  IITRI's  Telephone 
Influence  Factor  (TIF)  measurement  activities  conducted  at  the  U.S.  Navy's 
ELF  Communications  Test  Facility  in  Wisconsin  in  June  1977.  It  may  be 
considered  a companion  to  IITRI  Technical  Report  No.  8,  "Voice  Telephone 
Interference  Due  to  Seafarer  Generated  Harmonics."  The  report  is  divided 
Into  two  separate  parts;  these  cover  antenna  current  measurement  experience 
using  the  Wilcom  T132B  Test  Set  together  with  (1)  a clamp-on  current  probe, 
and  (2)  a test  coil . 


This  document  was  prepared  for  the  Special  Comnuni cations  Project  Office 
of  the  U.S.  Naval  Electronic  Systems  Command,  by  I IT  Research  Institute,  as 
part  of  Contract  N00039-76-C-0141.  The  effort  reported  supports  development 
of  the  Navy's  ELF  Communications  System  and  was  carried  out  at  the  direction 
of  Lt.  Cdr.  W.S.  Phillips  (PME  117-214). 
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1.  INTRODUCTION 


ELF  harmonic  measurements  were  made  on  the  Wisconsin  Test  Facility  (WTF) 
transmitter  current  by  means  of  a current  probe  clamped  onto  the  antenna  cable 
(pair)  going  to  the  west  leg  of  the  east-west  antenna.  The  measurements  had 
the  following  objectives: 

• Gain  familiarity  with  the  use  of  the  Wllcom  T132B  test  set  and 
the  T272  clamp-on  probe  for  measuring  the  RMS  current  and  the 
telephone  influence  factor  (TIF)  of  the  current  in  an  insulated 
conductor. 

• Determine  harmonic  content  and  TIF  for  the  WTF  transmitter  when 
operating  either  single  frequency  or  modulated  (MSK). 

Part  1 of  this  report  describes  the  current-probe  tests  and  presents  the 
measurement  results. 

2.  CONCLUSIONS 

For  both  single  frequency  and  MSK  operation  of  the  WTF  transmitter  only 
the  first  few  harmonics  were  detectable,  and  these  were  approximately  70  dB 
below  the  fundamental  in  amplitude.  Due  to  these  extremely  small  values  for 
all  the  harmonics,  the  calculated  value*  for  TIF  of  the  modulated  transmitter 
current  was  found  to  be  equal  to  the  TIF  for  single  frequency  76  Hz  signal, 
namely,  1.27.  Thus,  an  antenna  current  of  295  amperes  RMS  has  a calculated 
I-T  product  of  375. 

Directly  measured  values  of  the  I-T  product  were  somewhat  higher  than  the 
Indirectly  determined  value,  due  to  overloading  of  the  TIF  meter  at  this  high 
value  of  antenna  current. 

3.  DESCRIPTION  OF  INSTRUMENTATION 

The  Wllcom  T272  Clamp-On  Current  Probe,  the  T272-03  Adapter,  and  the 
T132B  Spectrum  Analyzer  and  Noise  Measuring  Set  are  used  for  measuring  either 
total  RMS  current  I,  In  a conductor,  or  the  I-T  product  for  the  current.  As 
shown  In  Figure  1,  the  T272-03  adapter  consists  of  two  components -- a resistor 
and  an  Inductor  — either  of  which  can  be  switched  so  as  to  shunt  the  T132B 
test  set  Input,  depending  on  the  type  of  measurement  desired. 

The  clamp-on  current  probe  acts  as  a transformer  between  the  current 
carrying  conductor  (antenna  cable)  and  the  measuring  Instrument.  For  each 
frequency  component  of  current  flowing  In  the  conductor,  the  probe  develops 
a voltage  proportional  to  the  magnitude  (I)  and  the  frequency  (f)  of  that 
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Figure  1 USE  OF  T272-03  ADAPTER  IN  MEASUREMENT  OF  I AND  I*T  USING 

T132B  IN  BROADBAND  MODE 


component.  In  addition,  the  frequency  response  of  the  T132B  noise  measuring 
set  (NMS  Mode)  can  be  selected  to  have  C-message  weighting.  This  weighting,1 
usually  denoted  by  p^,  plus  the  probe  response,  gives  an  overall  response  pro- 
portional to  IfPf.  At  any  single  frequency  f the  TIF,  or  T,  is  defined  as 
T = 5 fp^.  Thus,  for  a single  frequency,  the  test  set,  with  its  appropriate 
scale  factor,  provides  a measurement  of  I-T.  For  a complex  current  waveform 
consisting  of  components  at  several  frequencies,  the  test  set  determines  the 
root- sum- square  of  all  the  (weighted)  components  in  the  waveform  and  indicates 
the  value  of  I-T  for  the  composite  waveform. 

As  shown  in  Figure  2,  one  meter  reading,  designated  as  Ml,  is  used  for 
obtaining  a direct  measurement  of  the  I-T  product  for  the  magnitude  and  wave- 
form of  the  current.  The  meter  reading  M2,  derived  from  the  unweighted  fre- 
quency response.  Is  used  for  direct  measurement  of  I,  the  RMS  magnitude  of 
total  current  flowing  in  the  conductor,  even  if  it  contains  more  than  one 
frequency  component.  The  value  for  the  waveform  TIF  can  be  found  by  taking 
the  quotient  I-T/I. 

The  T132B  test  set  can  also  operate  in  a spectrum  analyzer  mode  with  a 
3 dB  bandwidth  of  approximately  16  Hz.  Hence,  individual  harmonics  of  the 
transmitter  can  be  measured. 

4.  TEST  PROCEDURES  AND  RESULTS 

After  the  WTF  transmitter  and  the  output  filter  In  the  WTF  Capacitor 
Room  were  de-energized,  the  T272  probe  was  clamped  onto  the  pair  of  cables 
going  to  the  west  leg  of  the  east-west  antenna.  The  probe  was  placed  on  the 
cable  pair  just  ahead  of  the  point  where  the  cables  exit  from  the  Capacitor 
Room.  A long  twisted-wire  pair  of  test  leads  were  used  to  connect  the  probe 
output  to  the  T272-03  adapter  and  T132B  test  set,  which  were  located  in  the 
hallway  on  the  floor  outside  the  door  of  the  Capacitor  Room. 

Measurements  of  current,  harmonics,  or  TIF  were  then  made  for  either 
single  frequency  or  modulated  (MSK)  transmitter  operation  at  desired  current 
levels  requested  of  the  transmitter  console  operating  engineer. 

Results  are  presented  In  Table  1. 

4.1  Transmitter  Harmonics 

Currents  at  the  transmitter  fundamental  and  harmonics  were  measured  using 
the  T132B  test  set  In  the  spectrum  analyzer  mode  (see  Table  1).  Measured  data 
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Figure  2 MEASUREMENT  OF  MIF  USING  CLAMP-ON  CURRENT  PROBE 


WTF  CURRENT  MEASUREMENTS  WITH  CLAMP-ON  PROBE 


ill  Hz  low  frequency 
80  Hz  high  frequency 
16  Hz  chip  rate 


are  given  in  the  first  column  labeled  M2.  From  these  values  the  current,  I, 
In  amperes,  was  calculated  separately  for  each  harmonic  using  the  equation 
for  I as  given  in  Figure  2.  Then,  values  for  C-message  weighting  (p^)  were 
used  for  calculating  the  I-T  product  for  the  composite  waveform.  Lastly, 
the  calculated  value  of  I-T  was  divided  by  the  measured  value  of  I to  deter- 
mine T,  the  TIF  of  the  waveform. 

The  conclusions  drawn  from  the  spectral  analysis  measured  are: 

1)  Only  a few  harmonics  are  large  enough  to  be  detectable,  and 
these  are  approximately  70  dB  below  the  fundamental  both  for 
single  frequency  and  MSK  operation. 

2)  The  calculated  value  of  T (or  TIF)  based  on  the  measurements 
of  the  individual  harmonics  was  1.27  for  both  single  frequency 
and  MSK  operation.  In  both  cases  only  the  fundamental  was 
significant  in  these  calculations,  and  thus  the  resultant  value 
of  T is  the  value  for  a single  frequency  signal  of  76  Hz. 

4.2  Direct  Measurement  of  I-T 


With  the  T132B  test  set  operating  in  the  NMS  (noise  measuring  set)  mode 
(see  Table  1),  values  of  the  RMS  total  current  and  of  the  I-T  product  were  de- 
termined directly  by  measurements  M^  and  M^,  respectively,  using  the  methods 
of  Figure  2.  Then,  T was  determined  by  division. 

The  results  for  the  I-T  products  and  for  T as  obtained  from  measurements 
in  the  NMS  mode  disagree  with  the  results  obtained  from  spectral  analysis, 
namely,  4.9,  5.0,  and  6.2  vs.  1.27.  This  was  due  to  a slight  overloading  of 
the  T132B  test  set  in  the  NMS  mode  when  measuring  high  currents.  Direct  mea- 
surement of  I-T  using  a current  probe  could  be  accurately  made  if  the  coupling 
factor  of  the  probe  were  reduced  or  a voltage  attenuator  network  were  used  to 
preclude  overloading  the  test  set. 

REFERENCES 

1.  "Voice  Telephone  Interference  Due  to  Seafarer  Generated  Harmonics," 
Technical  Report  No.  8,  I IT  Research  Institute  for  U.S.  Naval  Electronic 
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1.  INTRODUCTION 


Spectral  measurements  of  the  ELF  communications  transmitter  at  the  WTF 
had  shown  all  harmonics  to  be  at  least  70  dB  below  the  fundamental,  as  de- 
scribed in  Part  1 of  this  report.  Those  measurements  were  made  in  the  trans- 
mitter building  using  a Wilcom  T132B  test  set  with  a current  probe  on  the 
antenna  cable  (pair)  going  to  the  west  leg  of  the  east-west  antenna. 

Subsequently,  measurements  of  the  antenna  current  TIF1  were  performed 
at  three  locations  along  the  antenna,  using  the  Wilcom  test  set  with  a probe 
coil  positioned  beneath  the  (overhead)  antenna.  This  part  of  the  report  de- 
scribes the  probe-coil  tests  and  presents  the  results  of  those  measurements. 
Some  qualitative  comparisons  are  made  of  the  relative  merits  of  a broadband 
measurement  set  (e.g.,  Wilcom  T132B)  and  a narrowband  wave  analyzer  (e.g., 
HP3581 ) for  making  these  types  of  measurements.  Lastly,  some  comments  are 
made  on  the  possible  use  of  this  method  for  making  similar  measurements  on 
a buried  antenna. 

2.  CONCLUSIONS 

For  a uniform  current  flowing  along  the  antenna,  the  measured  values  of 
I and  T (and  therefore  also  I-T)  should  be  the  same  for  all  three  test  sites 
and  for  all  values  of  antenna-to-coil  separation.  The  MSK  data  show  this  to 
be  the  case,  within  a small  experimental  error.  Measured  values  of  current 
ranged  from  234  to  262  amperes;  I-T  products  from  317  to  338;  and  TIF  values 
from  1.3  to  1.4,  with  an  overall  average  of  1.32.  This  average  value  agrees 
well  with  the  expected  value  of  1.27  for  a single-frequency  current  at  76  Hz, 
i.e.,  the  ELF  transmitter  fundamental  frequency  in  the  absence  of  harmonics. 

Harmonics  were  found  to  be  65  dB  below  the  fundamental  in  amplitude, 
substantially  agreeing  with  the  result  of  70  dB  previously  determined  from 
measurements  with  a clamp-on  current  probe. 

The  single  frequency  (SF)  data,  taken  at  one  site,  are  similar  to  the 
MSK  data  taken  at  all  three  sites. 

No  measurements  were  attempted  in  the  vicinity  of  a buried  antenna  cable, 
but  measurements  of  I and  TIF  could  probably  be  performed  in  this  situation 
if  cable  location  is  known  to  a reasonable  accuracy. 
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DESCRIPTION  OF  INSTRUMENTATION 


In  general,  a conductor  carrying  an  alternating  current  produces  an 
» alternating  magnetic  field  In  the  surrounding  space.  A probe  coll  Immersed 

In  that  magnetic  field  will  have  an  induced  voltage  proportional  to  current 
and  frequency,  and  dependent  on  coll  dimensions,  orientation,  and  distance 
from  the  conductor.  Such  a probe  coll  was  used  In  conjunction  with  the 
t Wllcom  T132B  Test  Set  to  make  measurements  which  indicate  the  total  RMS 

current  flowing  In  the  WTF  antenna  and  also  the  I-T  product  for  that  current. 

Figure  1 shows  the  basic  elements  of  the  test  procedure.  A Wllcom  CCS105 
test  coll  Is  placed  a selected  distance,  D,  beneath  the  overhead  conductor 
f (WTF  ELF  communications  antenna),  with  the  coll  oriented  In  a vertical  plane 

passing  through  the  conductor.  Two  readings  are  taken  on  the  Wllcom  T132B 
test  set.  The  meter  reading  designated  as  M^  is  used  for  obtaining  a direct 
measurement  of  the  I-TIF  (or  I-T)  product  for  the  particular  magnitude  and 
waveform  of  current  flowing  In  the  antenna.  The  meter  reading  M^  Is  used  for 
obtaining  a direct  measurement  of  the  RMS  magnitude  of  the  total  current,  I, 
flowing  In  the  antenna,  even  If  it  contains  more  than  one  frequency  component. 

In  both  cases  a distance  factor  of  20  log1QD  and  appropriate  calibration  con- 
stants must  be  used  In  converting  the  measurements  to  values  of  current. 

The  value  for  the  antenna  waveform  TIF  can  be  obtained  by  simply  dividing 
the  I-T  product  by  I. 

4.  TEST  PROCEDURES  AND  RESULTS 

The  test  coll  was  attached  to  one  end  of  a portable  fiberglass  telescopllng 
mast  ("hot  stick").  With  the  base  of  the  mast  resting  on  the  ground  beneath  the 
antenna,  the  mast  height  was  adjusted  In  Increments,  providing  several  values 
of  spacing  between  antenna  and  probe  coll. 

As  Indicated  in  Figure  2,  measurements  were  performed  at  three  locations 
along  the  west  leg  of  the  east-west  antenna  — at  points  where  the  antenna 
t crosses  Forest  Roads  173,  176,  and  204.  These  points  are  approximately  1/3, 

1-1/3,  and  6 miles  from  the  transmitter,  respectively.  At  the  third  site 
(FR204)  measurements  were  made  using  the  Hewlett-Packard  3581  Wave  Analyzer, 
in  addition  to  the  Wllcom  test  set. 


CHIP  fit*  A 


Test  results  are  given  in  Tables  1,  2,  and  3.  The  data  have  the  follow- 
ing significance: 

A = antenna  height  above  ground. 

h * coil  height  above  ground. 

D = A-h  = spacing  between  antenna  and  coil  center. 

M = mutual  inductance  between  antenna  and  coil  (used  only 
at  Site  3 for  reducing  data  from  HP3581  measurements). 

C = 20  logigD-6.5  = coupling  factor  for  reducing  data  from 

T132B  measurements. 

Mj  and  M2  are  the  T132B  measurement  data. 

M.  + C (and  + C)  is  the  sum  of  the  measured  data  and  the 
coupling  factor  for  use  in  determining  I*T  (and  I)  as 
indicated  in  Figure  1. 

I*T  = the  I-TIF  product.  (Note:  A multiplying  factor  of  1.4 
has  been  included  to  correct  for  a -3  dB  error  previously 
found  in  the  C-message  weighting  network  in  this  particular 
Wilcom  T132B  measuring  set -- measured  at  60  Hz). 

1 = RMS  total  current  in  the  conductor  as  determined  from  T132B 

measurement. 

*3581  = RMS  current  in  the  conductor  as  determined  from  HP3581  measure- 

ment (here  assumed  to  be  the  fundamental  only). 

Results  are  reasonably  consistent  for  the  various  heights  of  the  test  coil 
as  well  as  for  the  three  sites.  Due  to  possible  errors  in  estimating  the  height 
of  the  antenna  cable  above  the  ground,  it  is  believed  that  the  measurements  ob- 
tained with  the  largest  values  of  coil  height  (h)  are  subject  to  the  greatest 
errors  since  the  spacing  (0)  will  be  subject  to  the  largest  percent  error  for 
these  cases.  If  one  considers  only  the  data  taken  with  D > 10  ft,  the  averages 
of  the  measurements  are  as  shown  In  Table  4. 

TABLE  4 

AVERAGES  OF  TEST  DATA  FOR  D > 10  FT 


T132B 

HP3581 

Site 

I*T  (amp) 

I (amp) 

T 

I (amp) 

1 

317 

245 

1.29 

- 

2 

338 

262 

1.29 

- 

3 

323 

234 

1.38 

242 

all 

325 

247 

1.32 

- 
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weighting  curve  (measured  at  60  Hz). 


Test  Location:  Forest  Road  176  and  West  Leg  of  Antenna Date:  15  June  1977 


All  the  measurements  discussed  above  were  made  with  the  T132B  test  set 
operating  In  the  broadband  or  noise  measuring  set  (NMS)  mode.  At  Site  1 the 
test  set  was  briefly  operated  In  Its  spectrum  analyzer  mode  to  measure  the 
magnitude  of  the  fundamental  current  and  the  harmonics  with  the  transmitter 
operating  at  a single  frequency  (nominally  76  Hz).  The  measurements  were 
taken  at  only  one  coll  height,  21-3/4  ft.  The  meter  readings,  M^,  were  82.4, 

17  and  16  at  76  Hz,  152  Hz,  and  228  Hz,  respectively,  which  convert  to  currents 
of  202  amperes  at  76  Hz,  0.11  amperes  at  152  Hz,  and  0.10  amperes  at  228  Hz. 

No  other  harmonics  could  be  detected.  These  measurements  Indicate  the  harmonics 
are  65  dB  below  the  fundamental.  This  result  Is  In  reasonable  agreement  with 
the  result  of  70  dB  previously  determined  from  measurements  with  a clamp-on 
current  probe. 

5.  POSSIBLE  MEASUREMENTS  ON  A BURIED  ANTENNA 

No  measurements  were  attempted  In  the  vicinity  of  a burled  antenna  cable, 
but  measurements  of  I and  TIF  could  probably  be  performed  If  the  cable  location 
Is  known  to  a reasonable  accuracy  and  If  no  other  current  carrying  conductors 
are  nearby.  For  accurate  measurement  of  I and  I*T,  accurately  known  coupling 
between  the  antenna  and  the  probe  coll  Is  required.  Location  and  orientation 
of  the  underground  antenna  could  be  determined  by  first  orienting  the  probe  In 
a vertical  plane  and  then  positioning  It  to  maximize  the  Induced  voltage. 

The  antenna  burial  depth  may  not  be  known  accurately,  but  the  error  from 
the  uncertainty  In  antenna-to-coll  spacing,  and  hence  uncertainty  In  coupling 
factor,  can  be  minimized  If  the  probe  coll  Is  mounted  on  a tall  portable  mast 
above  the  burled  antenna.  To  estimate  the  possible  error  from  this  source, 
assume  a 20-foot  mast,  l.e.,  the  coll  Is  20  feet  above  the  surface  of  the 
ground.  Consider  that  the  antenna  burial  depth  Is  unknown  except  that  It  Is 
between  3 feet  and  6 feet.  Assume  It  to  be  4%  feet  deep,  resulting  In  an 
antenna-to-coll  spacing  of  24% + 1%  feet.  The  coupling  factor  would  be 
21.2  + 0.6  dB,  so  the  maximum  error  In  I or  I-T  from  this  uncertainty  would 
be  0.6  dB. 

The  measurement  of  T will  not  be  subject  to  this  same  error.  If  the  coll 
Is  held  In  a fixed  position  while  both  I and  I*T  are  measured  with  the  T132B, 
the  same  relative  error  (due  to  antenna-to-coll  spacing  error)  will  occur  In 
the  measurement  of  both  I and  I*T,  so  the  error  will  be  eliminated  when  the 
ratio  Is  taken  to  determine  T.  If  a narrowband  wave  analyzer  such  as  the 
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HP3581  is  used,  again,  inaccuracy  in  the  estimated  value  of  the  coupling 
factor  (or  mutual  inductance  between  antenna  and  coil)  will  not  introduce 
an  error  in  T as  long  as  the  coil  is  held  in  a fixed  position  for  the 
induced  voltage  measurements  of  all  frequency  components  in  the  antenna. 
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